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R112signaling in a YAP-dependent manner;
loss of YAP would thus impair
DSS-induced intestinal regeneration by
inactivating the Notch pathway. The
second injury model involves
whole-body irradiation. Proliferative
cells, such as crypt progenitors, are
exquisitely sensitive to irradiation. In
contrast to the DSS-induced
regeneration, Barry et al. [8] observed
upregulation of Wnt targets and
increased numbers of Paneth cells in
the YAP-deficient intestine after
irradiation. The authors suggest that
loss of YAP increases Wnt
hypersensitivity, which is confirmed by
the Rspo1 experiments. It is interesting
to note that the number of Paneth cells
is strikingly increased in the YAP
knockout mice in both irradiated and
Rspo1-stimulated conditions [8].
Paneth cells (as the essential intestinal
stem-cell niche cells) constitute amajor
source of Wnt [9]. The unexpected
phenotype observed in the irradiation
model could therefore be explained
by the fact that YAP deletion
increases the number of Paneth
cells upon (irradiation-induced or
Rspo1-stimulated) intestinal
regeneration (Figure 1). Further study
of the role of YAP in driving Paneth
cell differentiation may provide deeper
insights into the Hippo pathway and
tissue regeneration.
The Hippo signaling pathway is one
of several pathways that play crucial
roles in regulating the tissue
regeneration. The current dogmastates
that the Hippo pathway is a growth/
tumor-suppressive pathway, with its
downstream effector Yki/YAP acting as
a growth promoter/oncoprotein. The
findings of Barry et al. [8] regarding
YAP’s functions in the intestine
provide a layer of complexity to this
simple view of YAP. In fact, both
upregulation and downregulation of
YAP expression have been reported in
colorectal cancer patients [8,14]. For
a better understanding of the role of
YAP in colon cancer, it will be crucial to
unravel the (likely opposing) direct
and indirect effects of YAP on crypt
stem cells and their niches. Crosstalk of
the Hippo pathway with other signaling
pathways in homeostatic control of
crypts has been proposed. For
example, TAZ and YAP have been
reported tosuppress theWnt/b-catenin
pathway through direct binding to
Dishevelled [8,15] or b-catenin [16].
Further, Mst1/2 and YAP may regulate
the Notch pathway through controllingexpression of the Notch intracellular
domain andHes1 (see also above) [4,7].
Finally, YAP may activate the
phosphatidylinositol 3-kinase and
mTOR signaling pathways through
suppression of the PTEN phosphatase
[17]. However this story may unravel,
the Hippo pathway is taking center
stage as a key regulator of organ-size
control, tissue regeneration and
tumorigenesis.
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in Our Family TreeTwo new fossil jawbones from Kenya are claimed to confirm a diversity of early
Homo species. However, archaic species concepts and an inadequate fossil
record continue to obscure the origins of our genus.Tim White
Human bones are common in
cemeteries, but remains of our moreancient ancestors and relatives are
fewer, further between and notoriously
difficult to recover. This is particularly
true for fossils that are millions of years
Box 1
Glossary of names.
Note that some species labels identify biologically valid species lineages. Some merely denote arbitrarily named segments of lineages.
Still others are invalidly proposed names for previously found fossils.
Hominidae: group of species more closely related to humans than to our closest living relatives, the African chimpanzees.
Ardipithecus: earliest hominid genus; partially arboreal, facultatively bipedal woodland omnivores with feminized male canines;
known range of eastern and central Africa; presumptive ancestral genus for early Australopithecus.
Australopithecus: genus of small brained, large-cheek toothed, striding terrestrial bipedal hominids; known range Africa only; presumptive
ancestral genus for later Homo.
Australopithecus africanus: first species of the genus Australopithecus discovered in South Africa and named in 1920s; probably earlier
chronospecies in endemic hominid lineage there.
Australopithecus sediba: latest species of the genus discovered in South Africa in 2008; probably chronospecies descendant of
A. africanus.
Australopithecus robustus and boisei: southern and eastern African hominids (respectively) sharing craniofacial adaptations to heavily
masticated diet; appeared before 2.0 mya; apparently extinct after 1.2 mya.
Kenyanthropus platyops: genus and species described in 2001 on basis of a distorted,w3.4 million year old Kenyan cranium; considered
by most to be an early Australopithecus.
Homo: our genus, arose during the Pliocene epoch; brain size increased and dental/facial size decreased through time; material culture
appearedw2.6 mya in the form of the earliest stone tools, implements that are still unattributed to species.
Homo habilis: named in 1960s for Tanzanian fossils from Olduvai Gorge; found alongside Oldowan stone tools dated to 1.8 Ma; relationship
to other Homo species indeterminate given sparse fossil record.
Homo rudolfensis: named for 1970s Kenyan cranium KNM-ER 1470; considered by many to be synonymous with H. habilis; 2012
Nature paper [1] claims a distinct species lineage and therefore valid taxon, but fossil record even more sparse than for H. habilis.
Homo erectus: first discovered in the late 1800s in Java, the first hominid lineage to expand biological species range beyond Africa,
byw1.8 mya; presumptive ancestor of Homo neanderthalensis and Homo sapiens. Some workers recognize H. ergaster as an earlier
chronospecies of the lineage, evolving into more typical H. erectus byw1.3 mya.
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R113old. Biomolecules are geologically
short-lived and thus unavailable for
parsing truly ancient species lineages.
Consequently, even 21st century
paleontologists routinely use
comparative methods to assess
each fossil discovered, occasionally
identifying biologically real but
previously undiscovered species in
the process.
Paleobiologists usually rely on
fossil morphology, geography, and
chronology to work out the geometry
of family trees. Disagreements are
common, and the configuration
of the hominid twig on the tree of
life remains a matter of particular
contention — hominids are ancestors
and relatives on the human side of
the split from the chimpanzee lineage
that took place about 7 million years
ago (mya). Most agree that some
species of Ardipithecus gave rise
to Australopithecus, and that some
Australopithecus species gave rise to
the earliest species in our own genus,
Homo (Box 1). Someworkers, including
the authors of a recent paper on this
topic [1], envision a ‘bushy’ hominid
clade, with many genera and species
living at the same time. Others,
observing the same fossils, interpret
the evidence to indicate relatively lowhominid species diversity at any given
time in the past.
The first early Homo fossil in eastern
Africa was found and named Homo
habilis during the 1960s. By the 1980s,
primitive Homo erectus (also known as
Homo ergaster) and small H. habilis
were known to co-occur with
Australopithecus in Kenya’s fossil
fields, so everyone agreed that
different contemporary hominid
species coexisted atw2 mya. But
disagreement persisted about when
and where our genus arose, how many
early hominid species coexisted, and
whether the putative species Homo
rudolfensis actually represented
a species separate from H. habilis [2].
Two new Kenyan fossils [1] have
recently entered these frays (Figure 1).
Two New Kenyan Jaws
Kenyan fossils announced in Nature
have historically figured prominently in
paleoanthropology. In their latest paper
of this genre, Leakey et al. [1] introduce
the fossilized partial maxilla of an
ancient juvenile. They attribute it to the
same species as an adult cranium
published on Nature’s cover in 1973
(specimen KNM-ER 1470; the holotype
specimen for H. rudolfensis) [3]. The
other fossil announced now is a newlydiscovered lower jaw attributed to the
same putative species and digitally
misarticulated with the old cranium
on Nature’s new cover.
This new paper’s conclusions [1] are
said to confirm the authors’ earlier
published conclusions, namely that the
species H. habilis, H. rudolfensis, and
H. ergaster/erectus represent separate
lineages that lived at the same time,
around 2 mya, in Kenya’s Turkana
Basin. By attributing both of their new
fossil jaws toH. rudolfensis, the authors
imply that a previously known lower jaw
onceassigned to that species (KNM-ER
1802; found during the 1970s) actually
represents a fourth contemporary, but
yet-to-be-named, Homo lineage [4].
The authors take an unusual
approach to constructing, in 3-D digital
space, what they think the dental
arcade of the new fossil maxilla should
have looked like. They accomplish this
feat by filling the fossil’s empty and
broken tooth sockets with digital
models of modern human teeth. Why
modern human teeth were better suited
than available contemporary fossil
teeth is left unexplained. The authors
argue that their implantation of these
‘nearly-false’ digital teeth imparts
a ‘square’ shape to the new juvenile’s
anterior palate. Such comparisons lead
Figure 1. Hominid fossils from the Turkana Basin, Kenya (casts).
Top: Australopithecus boisei, KNM-ER 406. Right: Homo rudolfensis or Homo habilis, KNM-ER
1470. Bottom: Homo habilis or Australopithecus sp., KNM-ER 1813. Left: Homo erectus
(ergaster), KNM-ER 3733. Center: The KNM-ER 1802 mandible. These fossils, the most
complete available from the Turkana fossil fields, date from between 2.03 and 1.65 mya.
How many evolving species they represent remains an open question despite recent asser-
tions that they come from five different but contemporaneously evolving species lineages [1,4].
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would have grown up to look like
KNM-ER 1470. Ergo, the new subadult
jaw must have belonged to the same
species as the old edentulous cranium
from 1973. Equally questionable
paleodigital orthodontia is also
performed on the other lower jaw from
the 1970s, which thereupon is declared
‘‘an unlikely match’’ for H. rudolfensis.
The authors [1] cite these claimed
matches and mismatches as evidence
for separate species lineages of Homo
in eastern Africa atw2 mya, an
interpretation extended by others [4].
Family Relations
The unilineal depiction of human
evolution popularized by the familiar
iconography of an evolutionary ‘march
to modern man’ has been proven
wrong for more than 60 years.
However, the cartoon continues to
provide a popular straw man for
scientists, writers and editors alike.
The late Stephen J. Gould predicteda complicated hominid phylogeny
and popularized the ‘bush’ as
a descriptive metaphor in the 1970s [5].
Paleoanthropologists have obligingly
misused, and often abused, this
metaphor ever since, frequently — and
typologically — christening the fossils
they found as ‘new species’ on
a ‘bushy’ hominid tree.
Do most of these species labels
reflect real, biologically distinct
lineages? Or have the alleged species
proliferated merely as a result of
taxonomic exuberance misapplied to
within-species variation (idiosyncratic,
geographic, sexual, and/or
ontogenetic)? Furthermore, should
so-called chronospecies — arbitrary
time-successive segments of
phyletically evolving species
lineages — count in assessing past
species diversity? And at what point
do we recognize the earliest species
of the genus Homo?
Today there is consensus among
paleoanthropologists that Homoevolved from Australopithecus shortly
after 3 mya. There is also consensus
that some hominid speciation
(cladogenesis) at >2.7 mya gave rise
to one or more Australopithecus
lineages with robust craniodental
features — some place these in a
separate genus, Paranthropus — that
went extinct around 1mya. But how did
one of these Australopithecus species
become us? The recently named
Australopithecus sediba of South
Africa is roughly contemporary with
the new Kenyan finds. Au. sediba is
claimed by its discoverer to be the
exclusive ancestor of Homo [6]. Others
think it is too little (brain-wise) and
too late (atw2.0 mya) to merit such
distinction. Is Au. sediba a terminal
chronospecies of an endemic South
African lineage? Alternatively, might
it actually represent H. rudolfensis,
to which the new Kenyan fossils are
attributed?
Surprisingly, Leakey et al. [1] do
not address this issue. Neither do
they have much to say about the
immediately relevant and nearly
contemporary trove of early H. erectus
fossils from Dmanisi in Georgia, the
earliest hominid fossils known outside
of Africa, with features that compare
well to African early Homo [7]. Rather,
they continue to promote the view that
the relatively abundant but soon extinct
Au. boisei was contemporary with
a ‘‘radiation’’ of different Homo species
in the Turkana basin of Northern Kenya
around 2 mya, namely: H. habilis,
H. erectus, H. rudolfensis, and the
yet-to-be-named species. But it
seems fair to ask, given the natural
morphological variation in hominoid
species, the niche-broadening
potential of material culture in the
form of stone-tool technology, and the
fragmentary nature of the available
record, whether five contemporary,
bipedal hominid species really
co-existed in a single African
watershed at 2 mya?
Promoting Diversity in the
Paleoanthropological Ecosystem
The sequence of prominent
paleoanthropological publications
across the last decades reveals
a pattern of diversity promotion. When
specimenKNM-ER 1470was published
in 1973, its author warned: ‘‘to consider
a new genus would be, in my mind,
both unnecessary and self defeating’’
[3]. Times had changed 28 years later,
when the new genus and species,
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The cover story on a new 3.5 million
year old cranium announced it as the
long-sought, flat-faced ancestor of
H. rudolfensis [8]. Entitled ‘‘New
hominin genus from eastern Africa
shows diverse middle Pliocene
lineages,’’ this 2001 contribution [8]
characterized early hominids as
participants in ‘‘a diet-driven adaptive
radiation.’’ Its authors saw within the
Turkana Basin an express line to
humanity — from K. platyops to
H. rudolfensis, then on through the
H. erectus ‘Turkana Boy’ to modern
humans; other fossils were relegated
to mere side branches. However,
geological distortion of the allegedly
paternal cranium derailed this putative
new genus: today, only very few
seriously promote Kenyanthropus as
a genus distinct from Australopithecus,
and many consider it conspecific with
Au. afarensis [9].
The next Kenyan hominid diversity
assertion was the 2007 claim that an
isolated maxilla indistinguishable from
H. erectus [10] rather represented
a contemporary, dead-end example of
H. habilis. The evidence and arguments
again proved unconvincing. Finally, the
most recent paper [1] now completes
an 11-year Nature cover trilogy
promoting hominid lineage diversity
in Kenya’s Turkana Basin. This trilogy
also underpins the popular myth that
this basin was the central cauldron of
human evolution, a visionmost recently
advertised on the PBS/NOVA/National
Geographic special television program
entitled ‘‘Bones of Turkana’’ [11].
Paleoanthropology’s ecosystem of
publishing, access, fundraising, career
advancement, media promotion
and celebrity seems squarely aligned
against thefield’s ability to self regulate,
a condition exacerbated by the limited
fossil resources available [12]. There is
ample and obvious motivation for
authors to generate ‘new’ species
names in this environment. Readers
should, therefore, beware of attendant
species diversity claims. Illegitimate
names have become part and parcel of
the symbiosis itself. Furthermore,
‘chronospecies’ are merely artificial
segments of evolving species lineages,
rather than truly separate species. Such
assertions of biological species
diversity via taxonomic hyperbole are
questionable representations of the
real paleobiology of our ancestors and
their few close, now extinct biological
relatives [13–15]. Despite the branchwaving, our family tree still resembles
a saguaro cactus more than a creosote
bush [16].
Fossil collection teams in Africa have
made laudable progress, but the
early Homo fossil record is still in dire
need of amplification. The new juvenile
maxilla now constitutes slightly better
evidence for H. rudolfensis being
contemporary with, but separate
from, the better-known H. habilis.
But did either one give rise to
Eurasia’s primitive H. erectus? Is the
latter an African export, or import?
And what was the timing of all of
these events?
More fossils will be needed to tell.
Unfortunately, funding for field
research is currently constrained by
granting agencies diverting more
and more money into peripheral
activities and expensive equipment
manipulated by laboratory-bound
panelists and pundits [17,18].
As a consequence, the basic logistical
support needed for long-term
field research — from pickup trucks
to fossil preparators — is woefully
under-funded. Until a better balance
is achieved — and better biological
understanding applied — the origins
of our genus will remain shrouded
by a paucity of paleobiological data.
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DNA damage to be mended by the nucleotide excision repair machinery.Maria Spies
Nucleotide excision repair (NER)
recognizes and repairs a broad
repertoire of genotoxic DNA lesions. Inmammalian cells, it constitutes a major
mechanism for the removal of diverse
types of DNA damage ranging from
pyrimidine–pyrimidine intra-strand
cross links induced by UV light to bulky
